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Influence of disorder, antisite defects, martensite transition and compositional variation on the
magnetic properties and electronic structure of Mn2NiGa and Mn1+xNi2−xGa magnetic shape mem-
ory alloys have been studied by using full potential spin-polarized scalar relativistic Korringa-Kohn-
Rostocker (FP-SPRKKR) method. Mn2NiGa is ferrimagnetic and its total spin moment increases
when disorder in the occupancy of MnNi (Mn atom in Ni position) is considered. The moment further
increases when Mn-Ga antisite defect[1] is included in the calculation. A reasonable estimate of TC
for Mn2NiGa is obtained from the exchange parameters for the disordered structure. Disorder influ-
ences the electronic structure of Mn2NiGa through overall broadening of the density of states and a
decrease in the exchange splitting. Inclusion of antisite defects marginally broaden the minority spin
partial DOS (PDOS), while the majority spin PDOS is hardly affected. For Mn1+xNi2−xGa where
1≥x≥0, as x decreases, MnMn moment increases while MnNi moment decreases in both austenite
and martensite phases. For x≥ 0.25, the total moment of the martensite phase is smaller compared
to the austenite phase, which indicates possible occurrence of inverse magnetocaloric effect. We find
that the redistribution of Ni 3d- MnNi 3d minority spin electron states close to the Fermi level is
primarily responsible for the stability of the martensite phase in Mn-Ni-Ga.
PACS numbers: 71.15.Nc, 81.30.Kf
I. INTRODUCTION
Mn2NiGa is a magnetic shape memory alloy (MSMA)
that has become focus of intensive research due to its
important properties of technological relevance such as
sizable magnetic field induced strain of about 4%, high
Curie temperature (588K),[2] and recently discovered
spin-valve like magnetoresistance behavior.[1] However,
there are only a few theoretical studies in the litera-
ture that provide a basic understanding of the electronic
structure and magnetic properties in this system. Ab ini-
tio density functional theory based calculation using full
potential linearized augmented plane wave (FPLAPW)
method has shown that Mn2NiGa can undergo a vol-
ume conserving structural transistion from austenite to
martensite phase, with c/a= 1.25 implying that this ma-
terial can exhibit shape memory effect.[3] It was demon-
strated by considering different starting magnetic con-
figurations that the ground state of this material is fer-
rimagnetic with antiparallel coupling between the two
nearest neighbor Mn atoms in both the austenite and
martensite phases.[4] The ferrimagnetic state originates
from the difference in hybridization of the majority and
minority spin states: the hybridization between the ma-
jority spin Ni and MnMn 3d states is stronger than the
hybridization between Ni and MnNi 3d minority spin
states (the notations such as MnMn and MnNi are de-
fined in the caption of Table I).[3] It was pointed out
that the self consistent calculations could converge to a
local minimum that is not the actual ground state,[4] as
was the case in Ref.[5] where, in the martensite phase,
Mn2NiGa was claimed to be ferromagnetic (FM) with
almost zero moment on Mn(B) atoms. Subsequently,
different theoretical studies on related MSMA systems
such as Mn2NiIn,[6] Mn2NiAl,[7] and Mn2NiSn[8] have
reported antiparallel coupling of the MnMn and MnNi
moments. Using total energy minimization and consider-
ing different starting magnetic states, Mn2NiIn was pre-
dicted to be a MSMA with ferrimagnetic ground state
and stable tetragonal structure with c/a= 0.967.[6] A
martensite transformation has indeed been observed ex-
perimentally in Mn2Ni1.6In0.4 ribbons.[9] It has been
shown that existence of disorder between Mn and Ni
atoms in Mn2NiSn increases the magnetic moment com-
pared to the ordered structure.[8]
Powder diffraction studies reported that Mn2NiGa
has a disordered cubic (L21) structure in the austen-
ite phase with Fm3¯m space group,[10, 11] in disagree-
ment with an earlier x-ray diffraction (XRD) study that
showed that Mn2NiGa has ordered Hg2CuTi type inverse
Heusler structure with F 4¯3m space group.[5] XRD stud-
ies showed that the structure of Mn2NiGa is highly de-
pendent on residual stress.[11] The total moment in the
martensite phase was found to be lower than the austen-
ite phase by theory,[3] which was later confirmed by mag-
netization and Compton scattering studies.[12]
Recently, an unusual asymmetric magnetoresistance
variation indicating a spin-valve like behavior in
Mn2NiGa was attributed to the formation of ferro-
magnetic clusters in the ferrimagnetic lattice.[1] This
was concluded on the basis of neutron diffraction
studies that established existence of about 13% Mn-
Ga antisite defects in Mn2NiGa lattice that is fer-
rimagnetic. It was established by our spin polar-
ized relativistic Korringa−Kohn−Rostoker (SPRKKR)
calculations[1] that ferromagnetic clusters occur because
of the Mn-Ga antisite defects. Thus, disorder and de-
fects play important role in Mn2NiGa, and it is crucial
2to understand their influence on its electronic structure
and magnetic properties. So, in this paper, using the
SPRKKR method, we investigate these issues in Mn-
Ni-Ga (Mn1+xNi2−xGa where 1≥x≥0) with major em-
phasis on Mn2NiGa. The paper is organized as follows:
The Computational Details section discusses the method
of calculation and provides the details of the structures
used. The Results and Discussions section is divided into
six sub-sections: In the first two sections (A and B), the
behavior of the magnetic moments of Mn-Ni-Ga are dis-
cussed. Subsequently, the exchange interaction param-
eters and the Curie temperature of Mn2NiGa are dis-
cussed (section C). The next two sub-sections deal with
the effect of disorder and martensite transition on the
electronic structure of Mn2NiGa. Section F discusses
the influence of compositional variation on the electronic
structure.
II. COMPUTATIONAL DETAILS
The electronic structure calculations have been car-
ried out by full potential spin polarized scalar relativistic
Korringa-Kohn-Rostocker (FP-SPRKKR) Greens func-
tion technique.[13] Substitutional disorder has been
accounted for by the coherent potential approxima-
tion (CPA). The exchange-correlation effects are taken
into consideration by using the generalized gradient
approximation (GGA) in the Perdew-Burke-Ernzerhof
parametrization scheme.[14] An angular momentum ex-
pansion up to lmax= 3 on a 22× 22× 22 k-point mesh
in the irreducible wedge of the Brillouin zone was used
to obtain an accurate ground state potential through the
self-consistent cycles. Both the energy convergence cri-
terion and the CPA tolerance were set to 10−5 Ry.
Table I depicts the different crystal structures that
have been used in this work. In the austenite phase,
disorder has been considered by using the Fm3m space
group and this structure is henceforth referred to in the
text as DA (Disordered Austenite). For the purpose of
comparison, the calculations have also been performed
using the ordered inverse Heusler structure referred to
as OA (Ordered Austenite). Disorder in the marten-
site phase has been considered through the Fmmm space
group and is referred to as DM (Disordered Martensite).
We have also carried out the SPRKKR calculation for
Mn2NiGa using the recent structure provided by neu-
tron diffraction[1] that reports presence of Mn-Ga anti-
site defects for both the Austenite (referred to as DwAA
i.e. Disordered with Antisite defect) and Martensite
(DwAM) phases to examine the effect of the antisite de-
fects on the magnetic properties and the electronic struc-
ture (Table I). In the above notations, if the subscript (A
andM indicating austenite and martensite phase, respec-
tively) is not used, both the phases are indicated.
III. RESULTS AND DISCUSSION
A. Magnetic moments of Mn2NiGa
The magnetic moments of Mn2NiGa-OA in Table II
portrays a ferrimagnetic ground state where MnMn and
MnNi spin moments are antiparallel. Calculations with
MnNi parallel to MnMn resulted in 638 meV larger to-
tal energy. The results of atomic sphere approxima-
tion (ASA) and FP-SPRKKR calculations are similar,
although MnNi moment is somewhat overestimated in
ASA, resulting in marginally smaller total spin moment
(Table II). The individual orbital moments calculated
by fully relativistic ASA SPRKKR method shows that
these values are negligible compared to the spin mo-
ments, and hence can be neglected.[15] Table II also
shows that the moments obtained from FP-SPRKKR
for both Mn2NiGa-OA and Ni2MnGa are in excellent
agreement with the moments calculated by the FPLAPW
method.[3, 6, 16, 17]
In Mn2NiGa-OA, which is the ordered inverse Heusler
structure, MnNi occupies one of the two allowed Ni posi-
tions: (0.25, 0.25, 0.25) or (0.75, 0.75, 0.75). On the other
hand in Mn2NiGa-DA, Mn gets randomly distributed in
both the Ni sites. Interesting influence of disorder on the
magnetic moments is evident from Table III. The total
spin moment in the austenite phase increases from 1.13
to 2.22 µB/f.u. between OA and DA. This increase is
due to the decrease in the magnitude of the antiparal-
lel MnNi moment from 2.52 to 1.5 µB/f.u. in presence
of disorder, while the MnMn and Ni parallel moments
remain largely unchanged. The origin of this effect can
be traced to substantial changes in the density of states
(discussed latter in Section C).
In Mn2NiGa-DwA, where there are multiple mag-
netic interactions, the self-consistency calculations might
converge to a local minimum depending on the starting
magnetic moment configuration.[3, 4, 6] So, to obtain the
lowest energy magnetic state, different starting configura-
tions of MnNi, MnMn and MnGa moments have been con-
sidered (Table IV).[1] We find that for the ferromagnetic
state, where all the three types of Mn atoms are paral-
lel, the total energy (Etot) is largest (381 meV, third row
in Table IV). The ground state is obtained when MnGa
is parallel to MnMn, but anti-parallel to MnNi spin mo-
ments. Thus, SPRKKR theory supports the results ob-
tained from neutron diffraction.[1] While the MnNi and
MnMn are antiparallel because of direct interaction at rel-
atively short nearest neighbor distances,[4, 6, 18] MnGa
being the next nearest neighbor of MnMn at a larger sep-
aration, their interaction is ferromagnetic.
Having established the magnetic ground state of
Mn2NiGa-DwA, we focus on the influence of the Mn-Ga
antisite defects on the magnetic properties. From Ta-
ble III, comparison of DA and DwAA moments show
that the local moments are mostly unchanged while
between DM and DwAM the local moments increase
slightly in the latter. However, the main reason for the
3TABLE I: The crystal structure, atomic positions and occupancies in the austenite and martensite phases of Mn-Ni-Ga. Note
that MnX refers to a Mn atom at the X (X= Ni, Mn, Ga) atom site of Ni2MnGa. In the austenite phase, 4a, 4b and 8c sites
are occupied by Ga, Mn and Ni, respectively.
Austenite
space group: Fm3¯m, c/a= 1, L21 structure
sites 4a 4b 8c
DA (1≥x≥0) Ga MnMn (1-x)Ni + xMnNi
DwAA (x= 1) 0.88Ga + 0.12MnGa MnMn 0.5Ni + 0.44MnNi + 0.06GaNi
space group: F 4¯3m, c/a= 1, inverse Heusler Hg2CuTi structure
sites 4a 4b 4c 4d
OA (x= 1) Ga MnMn Ni MnNi
Martensite
space group: Fmmm, c/a= 1.25
sites 4a 4b 8f
DM (1≥x≥0) Ga MnMn (1-x)Ni + xMnNi
space group: I4/mmm
sites 2a 2b 4d
DwAM (x= 1) MnMn 0.88Ga + 0.12MnGa 0.5Ni+0.44MnNi+0.06GaNi
TABLE II: Spin magnetic moments (µB/f.u.) of Mn2NiGa-OA and Ni2MnGa in the austenite phase.
composition SPRKKR (ASA) FP-SPRKKR FPLAPW
MnMn Ni MnNi total MnMn Ni MnNi total MnMn Ni MnNi total
spin spin spin
Mn2NiGa-OA 3.42 0.24 -2.76 0.9 3.31 0.34 -2.52 1.13 3.2 0.32 -2.43 1.14
Ni2MnGa 3.54 0.32 - 4.09 3.52 0.34 - 4.14 3.44 0.36 - 4.13
TABLE III: Spin magnetic moments (µB/f.u.) of the disordered and ordered structures of Mn2NiGa in austenite and martensite
phases using FP-SPRKKR method.
Mn2NiGa austenite Mn2NiGa martensite
structures structures
MnMn Ni MnNi MnGa total MnMn Ni MnNi MnGa total
OA 3.31 0.34 -2.52 - 1.13
DA 3.29 0.43 -1.5 - 2.22 DM 3.12 0.34 -2.21 - 1.25
DwAA 3.28 0.46 -1.47 3.38 2.85 DwAM 3.29 0.42 -2.32 3.39 2.07
TABLE IV: The starting and converged MnMn, MnGa and
MnNi spin magnetic moments (µB/f.u.) of Mn2NiGa-DwAM
along with the corresponding converged total energies (Etot).
The lowest Etot is taken to be zero meV.
Starting moments Converged moments Etot
(meV)
MnMn MnGa MnNi MnMn MnGa MnNi
3.00 3.00 -3.00 3.29 3.39 -2.32 0
3.00 -3.00 -3.00 3.27 -3.29 -2.38 48
3.00 3.00 3.00 2.98 3.14 2.25 381
increase in the total moment is the ferromagnetic contri-
bution from MnGa, although only about 13%,[1] is sizable
because of its large moment (3.38 µB). This causes the
total moment to increase substantially, e.g. from 2.22 to
2.85 µB/f.u. in the austenite phase and from 1.25 to 2.07
µB/f.u. in the martensite phase. Experimentally how-
ever, a saturation moment of 1.5 µB/f.u. is obtained at
5 K indicating that for such a complicated disordered sys-
tem with two types of magnetic interactions, SPRKKR
might be overestimating the moment or it is also pos-
sible that the structure might not be fully disordered.
Moreover, possibility of rotated or tilted Mn magnetic
moments at the interface of the ferromagnetic cluster
formed by Mn-Ga antisite defect has been proposed,[1]
which has not been considered in the present calculation.
4TABLE V: Spin magnetic moments (µB/f.u.) of Mn1+xNi2−xGa in the austenite (DA structure) and martensite phase (DM
structure).
composition austenite martensite
MnMn Ni MnNi total MnMn Ni MnNi total
Mn2NiGa (x= 1) 3.29 0.43 -1.49 2.22 3.12 0.34 -2.21 1.25
Mn1.75Ni1.25Ga (x= 0.75) 3.34 0.40 -1.56 2.64 3.21 0.34 -2.33 1.85
Mn1.5Ni1.5Ga (x= 0.5) 3.39 0.37 -1.78 3.03 3.28 0.37 -2.34 2.63
Mn1.25Ni1.75Ga (x= 0.25) 3.45 0.36 -2.08 3.54 3.35 0.39 -2.36 3.41
Ni2MnGa (x= 0) 3.52 0.34 - 4.13 3.42 0.41 - 4.16
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FIG. 1: (a) The variation of the total magnetic moment of
Mn1+xNi2−xGa as a function of x (1≥x≥0) i.e. decreasing
Mn concentration from Mn2NiGa to Ni2MnGa. The experi-
mental magnetization data[1, 5, 19] are also indicated by sym-
bols. (b) The variation of the MnMn and MnNi spin magnetic
moments of Mn1+xNi2−xGa as a function of x.
B. The magnetic moments in Mn1+xNi2−xGa as a
function of composition (x)
The total magnetic moment clearly increases with de-
creasing Mn content from 2.22 µB/f.u. in Mn2NiGa
(x= 1) to 4.13 µB/f.u. for Ni2MnGa (x= 0) in the
austenite phase, and similar variation is observed also in
the martensite phase (Table V) (see Fig. 1(a)). As x de-
creases, although the magnetic moment of Ni remains al-
most unchanged andMnMn moment increases while MnNi
moment decreases (Fig. 1(b)), the large increase in the
total moment is caused by the decrease in the number
of MnNi atoms that reduces the contribution of MnMn-
MnNi antiferromagnetic (AFM) interaction to the total
moment. This can be correlated with the decrease in the
MnNi 3d partial DOS with decreasing x, as shown latter
in Fig. 5(b). As the composition approaches Ni2MnGa,
the MnMn- MnMn ferromagnetic interaction mediated by
Ni dominates and a nearly linear variation of the total
moment with x is observed (Fig. 1(a)).
Having discussed the behavior of the magnetic mo-
ments with composition, we turn our attention to what
happens across the martensite transition. For Ni2MnGa
(x= 0), the difference in the total moment between the
austenite phase and the martensite phase i. e. ∆M is
negative (Fig. 1, Table V). On the contrary, for x≥ 0.25,
the total moment in the martensite phase is smaller than
the austenite phase (∆M> 0). This behavior for Mn ex-
cess compositions originates mainly due to the decrease
in MnNi moments in the martensite phase (Fig. 1(b)).
The origin of this effect is related to the martensite phase
transformation resulting in the modification of the mag-
netic exchange interactions due to change in the crystal
structure. From Table III, it is evident that the to-
tal spin moment is smaller in the martensite phase for
both Mn2NiGa-D and -DwA, the corresponding ∆M
being 44% and 27%, respectively. Experimentally, about
10% decrease in magnetization is observed in Mn2NiGa
in both cooling and heating cycles across the martensite
transition at 5 Tesla.[20] An interesting property of meta-
magnetic shape memory alloys is inverse magnetocaloric
effect in which a magnetic marterial cools down under
the application of external magnetic field adiabatically,
due to an increase in the isothermal magnetic entropy
(∆S>0) of the spin structure.[21, 22] This effect has been
related to the decrease of magnetization in the martensite
phase across the martensite transition temperature and
has been observed in metamagnetic shape memory al-
loys such as Ni-Mn-Sn and Ni-Mn-In.[23, 24] In contrast,
for conventional magnetocaloric effect, magnetization in-
creases in the martensite phase. The sign of ∆M calcu-
5lated by us could be used to predict inverse or conven-
tional magnetocaloric behavior, since the change in mag-
netization across the martensite transition temperature is
related to the structural change between the two phases.
It is interesting to note that our calculations for Mn-
Ni-Ga systems show that ∆M is positive in almost the
whole range (x≥ 0.25) of Mn excess compositions predict-
ing that inverse magnetocaloric behavior would be ob-
served. Very recently, this has been corroborated by ex-
periment: both Mn2NiGa and Mn1.75Ni1.25Ga exhibit in-
verse magnetocaloric effect, while the conventional mag-
netocaloric cooling is observed for Ni2MnGa.[20, 25, 26]
C. Exchange interaction parameter and Curie
temperature of Mn2NiGa
Large Curie temperature of 588 K is one of the major
advantages of Mn2NiGa over Ni2MnGa from technologi-
cal perspective. In this section, we have calculated the
exchange interaction parameters of Mn2NiGa based on
the real space approach as proposed by Lichtenstein et
al.[27] The Jij ’s for inter sublattice (MnMn- Ni, MnNi- Ni,
MnMn- MnNi) and the intra sublattice (MnMn- MnMn,
MnNi- MnNi, Ni-Ni) interactions for Mn2NiGa-OA are
shown in Fig. 2(a). MnMn-Ni is clearly the dominant fer-
romagnetic interaction in the first nearest neighbor (nn)
(5.4 meV). The MnMn- MnMn ferromagnetic interaction,
although weaker in the first nn (0.8 meV), extends up to
the 4th coordinate shell. The Ni-Ni interaction is also
ferromagnetic in the first nn (0.01 meV). The most dom-
inant antiferromagnetic interaction (-34 meV) in the first
nn between MnMn and MnNi is damped in the subsequent
co-ordination shells. Compared to this, the antiferromag-
netic MnNi- Ni interaction is considerably weaker (-1.3
meV) in the first nn. Jij for MnNi- MnNi is negative in
the first nn (-4.0 meV), which destabilizes the ferrimag-
netic alignment of the moments. Based on the calculated
Jij values, we determine the TC of Mn2NiGa-OA using
mean field approach.[28–31] The value of TC turns out
to 958 K, which is a 63% overestimate compared to the
experimental TC .
Although TC is generally overestimated in the mean
field approach[30, 31] and Mn2NiGa with different mag-
netic interactions is not strictly a Heisenberg system, this
large overestimation of TC needs further investigation be-
cause in reality the structure exhibits disorder. There-
fore, we have calculated the Jij between different sub-
lattices for the disordered structure (Mn2NiGa-DA) as
shown in Fig. 2(b) to examine whether this might im-
prove the situation. Interestingly, we find the main dif-
ference with Mn2NiGa-OA is that the MnNi- MnNi inter-
action is ferromagnetic in the first nn (2.52 meV). More-
over, the magnitude of the first nn MnMn- MnNi antiferro-
magnetic interaction decreases to -16 meV from -34 meV.
The MnMn- Ni ferromagnetic interaction increases from
5.3 to 7.8 meV, while the Jij of MnNi- Ni also changes
from -1.3 to -1.6 meV. The value of TC for Mn2NiGa-DA
turns out to be 425 K, which is a reasonable estimate
that is in better agreement with the experimental value
(588 K) compared to Mn2NiGa-OA.
Thus, our FP-SPRKKR calculations show that TC
is overestimated for Mn2NiGa-OA, while it is under-
estimated for Mn2NiGa-DA, and similar result was
obtained using ASA-SPRKKR.[15] Previous work on
Ni2.25Mn0.75Ga,[32] which is a ferromagnet albeit with
disorder, also underestimated the TC : TC calculated by
single site CPA was 200 K, while the experimental value
is 352 K. On the other hand, Ni2MnGa, which is or-
dered and has one type of magnetic interaction (FM), the
TC reported earlier[28, 32, 33] is in much better agree-
ment with the experimental value (376 K).[34] Thus,
in the case of a disordered system, the averaging char-
acter of CPA is a possible reason for the underestima-
tion of TC . Moreover, in Mn2NiGa there are both FM
and AFM magnetic interactions. Besides, on the ex-
perimental front, the value of TC might depend on the
sample heat treatment history as is the case of crystal
structure,[11] but such experimental studies do not exist
in literature.
D. Electronic structure of Mn2NiGa: effect of
disorder and antisite defects
The total density of states (DOS) of Mn2NiGa-OA ex-
hibits a peak close to EF at -0.15 eV (indicated by ar-
row) that arises primarily from hybridization of Ni 3d
and MnNi 3d minority spin states (Fig. 3). The majority
spin MnNi 3d also contributes intensity in this region (-
0.2 eV) that is manifested as a broad feature intermixed
with Ni 3d and MnMn 3d majority spin states (Fig. 3(b)).
The most intense broad peak centered around -1.5 eV
arises mainly from Ni and MnNi 3d minority spin states,
while the majority spin contribution to this peak is due
to hybridization of Ni and MnMn 3d states. On the other
hand, the peak at -3 eV has primarily majority spin char-
acter and originates from Ni and MnMn 3d majority spin
t2g states. The unoccupied DOS is dominated by Mn 3d
states; the peak at 0.75 eV is due to MnNi 3d majority
spin states, while at 1.3 eV the contribution is fromMnMn
minority spin states. In the occupied DOS, the opposite
spin peaks dominate: for MnNi the minority spin peak is
around -2 eV. From the energy separation of the occu-
pied minority and unoccupied majority spin DOS peaks,
we find the exchange splitting of MnNi to be 2.75 eV. For
MnMn, the most intense majority spin peak is around -
3 eV, and thus the exchange splitting is estimated to be
about 4.4 eV. Antiparallel local moments between MnMn
and MnNi originate from occupancy of primarily opposite
spin states below EF . The exchange splitting energies
and the total DOS in Fig. 3 are in agreement with the
FPLAPW calculations.[3]
Interesting modifications are observed in the DOS for
Mn2NiGa-DA. In the occupied part, the peak at -0.15 eV
in the DOS is replaced by a smoothly increasing feature
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FIG. 2: Magnetic exchange interaction parameters (Jij) calculated using FP-SPRKKR as a function of distance Rij/a (a is
the lattice constant) between pairs of atoms i and j for (a) Mn2NiGa-OA and (b) Mn2NiGa-DA.
that is nearly flat at EF (Fig. 3(a), top panel). The
minority spin MnNi 3d PDOS peak broadens and shifts
closer to EF and appears at about -1.5 eV. In the unoccu-
pied part, the peak at 0.75 eV that is related to MnNi 3d
majority spin states is drastically modified: it decreases
in intensity and flattens out into a broad plateau over
the energy range of -1 to 1 eV merging with the peak at
-0.15 eV. These changes imply a sizable decrease in the
exchange splitting of MnNi to about 2.2 eV. The Ni 3d
minority spin states that hybridize strongly with MnNi
3d minority spin states also broaden and shift by 0.25
eV toward EF from -1.7 to -1.56 eV. In contrast, none
of the PDOS peaks of MnMn 3d exhibits any shift, al-
though broadening is clearly observed. This explains why
the MnNi spin moment changes in presence of disorder,
while MnMn moment is unaffected (Table III). The ex-
change splitting of MnMn also remains unchanged, while
MnNi exchange splitting shows large decrease from 2.8 to
2 eV due to disorder.
Inclusion of Mn-Ga antisite defect in the disordered
structure (Mn2NiGa-DwAA) causes subtle modifications
in the DOS. The broadening increases in general: for ex-
ample, broadening of the -1.5 and -3 eV peaks fills up the
valleys around -2 and -2.6 eV (marked by red arrows in
Fig. 3(a), top panel). This is caused by the broadening
of the minority spin Ni 3d- MnNi 3d states. Interestingly,
although the Ni 3d- MnMn 3d majority spin states have
sizable contribution to these peaks, these states hardly
exhibit any broadening. In the unoccupied states also, it
is the minority spin states that broaden, see for exam-
ple the peak at -3 eV originating from MnMn 3d states
(Fig. 3(b), top and third panel). Thus, inclusion of an-
tisite defects marginally broadens the minority spin
PDOS, while majority spin PDOS is hardly affected in
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FIG. 3: Comparison of (a) the total and partial density of states (DOS) and (b) their majority and minority-spin components
of Mn2NiGa in ordered (OA), disordered (DA) and disordered with antisite defects (DwAA) structure in the austenite phase.
both occupied and unoccupied states.
E. Electronic structure of Mn2NiGa-DwA across
the martensite transition
Lattice constant optimization through total energy
minimization showed that Mn2NiGa-O is stabilized in
the martensite phase through a tetragonal distortion
of c/a= 1.25,[3] which was in agreement with XRD
(c/a= 1.21). The DOS calculated for the two phases
by FPLAPW method showed a peak at -0.1 eV (a cor-
responding peak at -0.15 eV is also observed in Fig. 3
for OA). The shift of this peak to lower energy in
the martensite phase was related to its stabilization (see
Fig. 3 of Ref.[3]).
Although we use the same lattice constants as in
Ref.[3], the above mentioned peak near EF is absent due
to disorder (Fig. 3(a)). So, it is an important question
how the states near EF behave in the realistic Mn2NiGa-
DwA structure, since this will provide a clue to the
stability of the martensite phase. From the top panel
of Fig. 4(a), we note that the total DOS at EF in the
martensite phase (3.1 states/eV f.u.) is clearly reduced
in comparison to the austenite phase (4.0 states/eV f.u.).
In fact, a suppression of the DOS in the martensite phase
is observed between -0.35 eV to EF , while, in contrast,
the DOS between -1.0 and -0.4 eV is enhanced (see the
encircled region in Fig. 4(a), top panel). Thus, there
is an unambiguous evidence of transfer of electron states
from higher to lower energies that would stabilize the
martensite phase. Such transfer of electron states to
lower energy is also observed for Mn2NiGa-D (Fig. 5(a),
top panel). In fact, the total DOS for both Mn2NiGa-
DwA and -D structures not only shows the transfer of
states in the energy range of -1 eV to EF , but also in the
-2.8 to -1.5 eV region.
From the PDOS (Fig. 4(b)), we find that the Ni 3d-
MnNi 3d minority spin states are primarily responsible
for such redistribution of the electron states, as shown by
the red ellipses in Fig. 4(b). This can be related to the
tetragonal distortion (c/a= 1.25) in the martensite phase
because the Ni-MnNi distance decreases to 2.70A˚ from
2.93A˚ in the austenite phase resulting in stronger hy-
bridization.
The majority spin MnGa 3d states appear around -1.3
and -2.5 eV. The minority spin PDOS of MnGa above
EF shows a substantial shift toward EF in the martensite
phase, thus causing an increase of states at EF . Although
the behavior of MnGa 3d PDOS is opposite to the behav-
ior of Ni 3d- MnNi 3d states, its contribution is an order
of magnitude small (Fig. 4(b)). The exchange splitting
of MnGa 3d states is about 3.3 eV, which is somewhat
smaller than MnMn 3d states.
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FIG. 4: Comparison of (a) the total DOS and Ni 3d and Mn 3d PDOS and (b) their majority and minority-spin components
between Mn2NiGa-DwAA (austenite phase) and Mn2NiGa-DwAM (martensite phase).
The occupied DOS is dominated by the majority spin
PDOS, while the unoccupied DOS is dominated by the
minority spin PDOS for both MnGa and MnMn 3d states.
This is the reason that their moments are positive and
parallel (Table IV). In contrast, the occupied (unoccu-
pied) DOS is dominated by the majority spin PDOS,
while the unoccupied (occupied) DOS is dominated by
the minority spin PDOS for MnMn (MnNi) 3d states lead-
ing to antiparallel orientation.
F. The electronic structure of Mn1+xNi2−xGa as a
function of composition
In order to understand the role of disorder on the elec-
tronic structure of Mn1+xNi2+xGa, we have calculated
the total and partial density of states (PDOS) for the
series 1≥x≥0 (Figs. 5). Here, x quantifies MnNi in the
formula unit (f.u.) and thus as x decreases, the disorder
also decreases. Since martensite transition is observed
for the whole series,[2, 34] the austenite and martensite
total DOS are compared to understand the origin of the
stability in the latter (Fig. 5(a)). The Mn-Ga antisite
defects are not considered since this has not been experi-
mentally studied for the whole series. Transfer of electron
states to lower energies in the range -0.8 eV to EF similar
to that of Mn2NiGa is noticed for all the compositions,
indicating similar origin of the martensite transition in
this series.
An interesting change in the DOS near EF as disor-
der i.e. x decreases is the appearance of a sharp peak
below EF in the austenite phase at -0.16 eV for x= 0.75-
0.25. This peak is primarily related to Ni 3d eg minor-
ity spin states with sizable admixture of MnNi 3d states.
This peak also broadens out as disorder increases and
is hardly present in Mn2NiGa (Fig. 5(a)). In Fig. 3(a)
top panel, the peak observed at -0.15 eV in Mn2NiGa-
OA disappears in Mn2NiGa-DA. Thus, it is evident that
this peak close to EF arising from Ni 3d eg minority spin
states is strongly affected by disorder. This peak near EF
has not been observed in the photoemission spectrum of
Mn2NiGa,[3] and it is evident from the present work that
it’s absence is related to disorder. The energy separation
between the occupied majority and the unoccupied mi-
nority peaks of MnMn PDOS exhibits a small increase in
the exchange splitting energy from about 4.5 eV (x= 1)
to 4.7 eV (x= 0.25). On the other hand, the MnNi PDOS
shows a decrease in the exchange splitting from 2.3 eV
(x= 1) to 2.0 eV (x= 0.25).
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IV. CONCLUSION
Using full potential spin-polarized scalar relativistic
Korringa-Kohn-Rostocker (SPRKKR) method, we have
studied the spin moments, exchange parameters, Curie
temperature and the spin polarized DOS and partial DOS
of Mn2NiGa in structures such as ordered (O), disordered
(D) and disordered with antisite defect (DwA). More-
over, the series Mn1+xNi2−xGa has been studied in the
D structure. For Mn2NiGa, the total spin moment in-
creases due to disorder because of the decrease in the
magnitude of the antiparallel MnNi moment. The pres-
ence of Mn-Ga antisite defects induces ferromagnetic in-
teraction between MnMn and MnGa atoms that enhances
the total moment. For Mn2NiGa, total spin moment de-
creases in the martensite phase for both the disordered as
well as antisite defect structures compared to the austen-
ite phase. The exchange parameters show interesting
difference between ordered and disordered Mn2NiGa. A
reasonable estimate of TC (425 K) compared to the ex-
perimental value (588 K) is obtained for the disordered
structure (Mn2NiGa-DA). Disorder influences the elec-
tronic structure of Mn2NiGa through overall broadening
of the PDOS and a decrease in the exchange splitting.
Inclusion of antisite defects in the calculation marginally
broadens the minority spin PDOS, while the majority
spin PDOS is hardly affected in both the occupied and
unoccupied states.
For Mn1+xNi2−xGa, as x decreases, an increase in the
total moment is caused by the decrease in the number
of MnNi atoms that reduces the contribution of MnMn-
MnNi antiferromagnetic interaction. While for Ni2MnGa,
the total spin moment in the martensite phase is larger
than the austenite phase, for x≥ 0.25 this is reversed
i.e. the moment in the martensite phase is smaller. This
indicates possible occurrence of inverse magnetocaloric
behavior for x≥ 0.25. MnMn PDOS exhibits an increase
in the exchange splitting energy as x decreases, while the
MnNi PDOS shows a decrease in the exchange splitting.
A redistribution of Ni 3d- MnNi 3d minority spin electron
states near EF is primarily responsible for the stability
of the martensite phase in Mn-Ni-Ga.
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